ABSTRACT
INTRODUCTION
Prior to the commercial exploration of petroleum in Nigeria, the agricultural sector was the leading contributor to the economy. According to Ugwu (2009) , before independence, Nigeria was a major exporter of agricultural commodities such as palm oil, cocoa, groundnut, cotton and rubber. Now, Nigeria is a net importer of palm oil and its products, whereas, between 1961 and 1965, Nigeria was the largest producer of palm oil, accounting for 43 percent of the world production (Olagunju, 2008) . However, since then, oil palm production in Nigeria has virtually been decreasing. In the early 90s, Nigeria accounted for 7 percent of the world production (WRM, 2001; Olagunju, 2008; Oladipo, 2008) , in 2004, it was 3 percent, while in 2010; Nigeria produced 2.2 percent of palm oil and 9.4 percent of palm kernel (FAOSTAT, 2010) . Nwajiuba and Akinsami (2003) noted that the contribution of oil palm as an export and foreign exchange earner started declining as Nigeria petroleum earnings escalated, drawing labour away from the rural farm sector to the urban non-farm sector.
The domestic and industrial demands for oil palm produce globally continue to be on the increase. Vogel (2002) estimated that for every five people in Nigeria, perhaps two liters of palm oil or more are consumed each month for cooking. Therefore, the demand for oil palm products has far outstripped supply; a scenario that is assumed would further push prices up over time. With increasing population, growth rate and improvement in purchasing power of Nigerians, the market keeps growing. The emerging capability for more sophisticated products by the local food industry may in fact widen the gap between demand and supply for oil palm products.
To foster research and bridge the demandsupply gap in oil palm sub-sector, Nigeria Institute for Oil Palm Research (NIFOR) aimed at improving oil palm production and processing through technological advancement, in areas such as generating hybrid varieties and processing technologies which can reduce losses and obtain higher extraction rate (Aghalino, 2000; Aliu, 2010) . Now, within the African continent, Nigeria is the country having more extensive oil palm plantations, with at least 350,000 hectares planted to this crop (WRM, 2000) . Yet, processed oil palm products continue to decrease in quantity. This has been attributed to losses encountered during processing (Orewa, 2009 ).
In order to revitalize the oil palm sub-sector to improve the standard of living of the rural populace that depend on this produce for their livelihood, processors were encouraged to move away from traditional oil palm processing technologies to improved technologies. These improved processing technologies such as threshers, digesters, motorized press, sterilizers, and clarifiers were developed and introduced to the processors (Agwu, 2006) ; in view of the fact that the bottleneck in palm oil processing is crude processing techniques. Despite the huge investment and research efforts at developing these improved methods, most processors still use the traditional processing techniques, thereby, casting doubts to the efficacy of the improved processing technologies.
Apart from food which oil palm products are known for, palm oil production provides jobs for at least 1.8 million Nigerians (Ayodele, 2010) ; and serve as a major source of income to a large proportion of the resource poor rural processors in Nigeria (Olagunju, 2008) . In spite of the great potentials of oil palm processing in Nigeria, the efficiency or inefficiency of utilization of available resources has remained an unanswered question in the quest for increased output. Knowing that, the concept of efficiency is concerned with the relative performance of the processes used in transforming given inputs into outputs. A production process that uses more physical resources than an alternative method in producing a unit of output is thus, said to be technically inefficient. Technical efficiency as defined by Heady (1982) is the measure of a firm's success in producing maximum output from a given set of inputs.
Efficiency is a very important factor of productivity growth, especially in developing agricultural economies where resources are meager and opportunities for developing and adopting better technologies are dwindling (Bifarin et al., 2010) . In fact, the presence of shortfalls in technical efficiency means that output can be increased without requiring additional conventional inputs or introduction of new technologies. If this is the case, then empirical measures of technical efficiency are necessary in order to determine the magnitude of the gain that could be obtained by improving performance in production with a given technology. Given the foregoing scenario, the study intends to determine technical efficiency differentials between traditional and improved technologies applied in processing oil palm; and identify its determinants.
MATERIALS AND METHODS
This study was conducted in Cross River State, Nigeria. Boki Local Government Area was purposively selected for this study due to high involvement in oil palm processing activities. It is located between latitudes 5 0 82 1 N and 6 0 40 1 N and longitudes 8 o 50 1 E and 90 o 00 1 E (Takon et al, 2013) ; with a humid tropical climate. Both cash and food crops are grown in the area. A multi-stage sampling technique was employed to select 164 processors (61 for traditional; and 103 for improved). Data were collected through structured questionnaire. Stochastic frontier production function was applied to determine the technical efficiency of processors and it's determinants in the area. Battese and Coelli (1992) stated the general stochastic frontier production model as:
The Cobb-Douglas stochastic frontier production function used for analysis is stated in the form:
Where: Y = Quantity of palm oil processed (litres); X 1 = Labour (man hour); X 2 = Quantity of fresh fruit (kilogramme); X 3 = Processing period (days); X 4 = Depreciation cost (Naira); X 5 = Other variables cost (water, transport, fuel, loading, offloading, security, storage) (Naira); β 0 = Constant term; β 1 -β 5 = vector of the coefficients for the associated independent variables in the production function; U it = one sided component, which captures deviation from frontier as a result of inefficiency of the firm; and V it = effect of random stocks outside the processors control, observation and measurement error and other stochastic (noise) error term
To obtain the determinants of technical efficiency of processors, a regression of the value of inefficiency from the model against some socio-economic factors of the processors was used. Battese and Coelli (1995) , expressed the technical inefficiency starting with the frontier production function
Where:
W it is the random variable which is defined by the truncation of the normal distribution with zero mean and variance, such that the point of truncation is -z it , that is, W ≥ z it . These assumptions are consistent with U it being a non-negative truncation of the N (z it , ) distribution (Battese and Coelli, 1995) . Explicitly, the inefficiency model is expressed as:
Where: These variables are included in the model to indicate their possible influence on the technical efficiency of the processors. The variance of the random error σ 2 v and that of the technical inefficiency effect σ 2 u and the overall variance of the model are related as follows:
Equation (6) measures the total variation of production (output) from the frontier which can be attributed to technical efficiency (Battese and Corra, 1977) . The σ 2 and coefficients are the diagnostic statistics that indicate the relevance of the use of the stochastic frontier function and the correctness of the assumptions made on the distribution form of the error term. The σ 2 indicates the goodness of fit and the correctness of the distributional form assumed for the composite error term. The , lies between 0 and 1; and indicates that the systematic influence that is unexplained by the production function is the dominant source of random error.
RESULTS AND DISCUSSION

Technical Efficiency
Results on technical efficiencies between traditional and improved oil palm processing technologies users are presented in Table 01 . The result shows that the generalized likelihood ratio statistics exceeded the critical chi-square (Table 02) . Therefore, the Cobb-Douglas functional form is an adequate representation of the data. The gamma statistics indicate that 81% and 98% of the changes in the output of oil palm processing using traditional and improved technologies respectively are attributable to processors inefficiency factors. The result revealed that technical inefficiency effects were present in processing oil palm using the two technologies. The 1% significant level of these results indicates the presence of one-sided error component, v i in the model specified. Due to the presence of this one-sided error component, the traditional response function estimated by the Ordinary Least Square (OLS) cannot adequately represent the data, thus, the use of the stochastic frontier function estimated by the Maximum Likelihood Estimation procedure is adequate.
The significant values of sigma-square (σ 2 ) for the two groups of processors indicate the correctness of the specified assumption of the distribution of the component error terms.
Labour (X 1 ), fresh fruit (X 2 ) and other variables cost (X 5 ) were positively signed for traditional and improved technologies. The positive effect implies that a 1 unit increase in the variable will lead to an increase in output of palm oil processed. The signs of labour and fresh fruit agreed with a priori expectation. If labour used and quantity of fresh fruit used for processing increased; the quantity of palm oil processed would increased as well. On the other hand, other variables cost (transportation, loading and offloading, fuel, water, security and storage) processing elasticities were not as expected. The positive signs could be as a result of high charges incurred due to poor infrastructural availability which include; bad roads, far markets, poor storage facilities and other amenities.
Processing period (X 3 ) had negatively signed estimated coefficients. This is in line with the expectation, as the number of days for processing oil palm increases, palm oil output decreases by the value of the coefficient of the variable. Onwubuya (1997) stated that delay in the time interval between harvest and final output may render the quality and quantity of red oil produced low; hence, reduces the net returns from the final output. Also, Depreciation cost (X 4 ) estimated coefficient for traditional technology users' was positively signed, while that of the improved technologies was inversely related to palm oil output. The signs indicate that as depreciation on fixed cost for oil palm processing with traditional technology increases, quantity of palm oil processed increases. This is against a priori expectation. Whereas, depreciation on improved technology fixed items is correctly sign implying that as depreciation increases, quantity of oil output decreases. This could be attributable to the wear and tear of the machines which may lead to loss of palm oil during processing. A similar result of a negative depreciation value was obtained by Aburime et al. (2006) .
Technical efficiency Determinants
The determinants of technical efficiency presented in Table 1 , revealed that processing experience (Z 1 ), level of educational (Z 2 ) and access to extension contact (Z 5 ) coefficients were negatively signed for traditional and improved methods of processing oil palm, indicating positive effect on technical efficiency. The implication is that, processors with longer years of experience, higher educational level and access to extension contact tend to be more technically efficient than those with fewer years of experience, lower educational level and had no access to extension contact. It is very plausible that, processors with considerable years of education respond readily to effective decision making in agriculture. The analysis is in line with the notion that public investment geared to improve the provision of managerial support and dissemination of information to agrarian society via extension programs, or other forms of non-formal education, is likely to lead to higher levels of efficiency. Source: Computed from computer print-out *, ** and *** = significant at 10%, 5% and 1% level of probability respectively. SE = Standard Error Membership of Association (Z 3 ) coefficient was positive for traditional technology users implying that it has negative effect on technical efficiency. This suggests that processing efficiency would be lowered the longer traditional processors stay in association. Though, this agrees with the findings of Shehu et al. (2010) , but does not agree with the expectation because belonging to association should enhance efficiency among processors as association serve as a medium for information exchange that can improve processing. Whereas, improved technologies users had a negative sign for association membership, implying that processors who have stayed as members of the association are more technically efficient in oil palm processing. Access to credit (Z 4 ) had positive coefficient for the two oil palm processing technologies. The positive signs recorded imply that, processors who have access to credit are more inefficient than those who do not have. This could be as a result of untimely access of the credit which may lead to diversion of credit to other non oil palm processing activities. If credit is invested into a production enterprise, it is expected that it should lead to higher level of output, but in case the credit is not accessed on time, it may, more often than not, lead to misapplication of funds. Hence, the expected impact of such credit will not be felt on the enterprise. This is in line with Okike et al. (2001) and Bifarin et al. (2010) in their separate findings that receiving credit contributes to farmers' inefficiency.
Only educational level of traditional technology users was not significant, all other included determinants significantly affect technical efficiency of processors at different levels of probability. The insignificant value for level of education for traditional technology users could be because formal training is not needed for traditional processing method. Therefore, significant variables are the determinants of technical efficiency for oil palm processing in the study area.
Distribution of technical efficiencies
The general distribution of processors' technical efficiency presented in Table 03 shows that majority (55 percent 
CONCLUSION
Oil palm processing is a major activity carried out by the people in the area of study as a result of the favourable climatic condition for oil palm production. The technical efficiency indices computed show that the respondents under study have generally not attained the production frontier. This implies that there is a significant potential for the processors to sustainably increase output using the available inputs and existing technologies. Thus, there will be no need to develop new technologies to raise productivity, but, technical efficiency can be increased by increasing the usage of inputs already available. From the findings, the improved oil palm technology users in the study area are more technically efficient than the traditional technologies users. Based on the findings of this study, the following recommendations are made: Adoption of improved technologies for processing oil palm should be encouraged through adequate provision of extension education in the study area; processors should reduce their processing period by embarking on processing of fresh fruit as soon as harvesting is done; and government and concerned organizations should effectively link oil palm processors to available financial institutions for the provision of on-lending facilities in terms of loans and micro-credit on time as well as technical support.
